oscillations as a result of the nonlinear dynamics of the intracellular stores (5) . Fig. 1 shows a schematic diagram of the model. The reader is referred to our earlier publications for a more detailed description of the cellular models and cell coupling mechanisms (1-4).
All cellular components and parameter values (including homocellular and heterocellular couplings) are the same as in our previous studies. The maximum SERCA rate, SERCA I = 20 pA, and the sarcoplasmic reticulum (SR) leak parameter, R leak = 5.3×10 -5 , allowed for oscillations generated at intermediate agonist stimulations by Ca where N is the total number of SMCs, δ max -maximum perturbation (control δ max = 1.2), rand(1:N) -vector of pseudo-random values drawn from the unit interval. The resulting oscillations in individual SMCs have natural frequencies within a predetermined physiological range ( Fig. S1B ) (6, 7) . Simulations were repeated with different sets of perturbations and the average behavior of the model was considered. Random variations simulating time-dependent biological noise were also implemented similar to (8) . Simulations with either intercellular variability or timedependent noise show similar desynchronizing effects. Thus, only simulations with intercellular variations are presented. Models with different number of cells (2-100 SMCs and ECs), SMC layers (1-5), and arrangement (serial or cylindrical) were implemented and displayed similar synchronization properties. To reduce computational time, the control model is composed of five SMCs connected in series and overlapping five identical ECs arranged perpendicular to the SMCs, so that each SMC connects to five ECs.
Endothelial gap junctions are more prevalent than smooth muscle and myoendothelial gap junctions. This translates into a low EC-EC resistance ( ions was calculated according to Eqs. S1.1 from the corresponding intercellular resistance, as described previously (3) . This yields = 0.05 pL/s) per cell was assumed in agreement with (9) , and the corresponding SMC-to-SMC IP 3 permeability was adjusted based on the gap junction resistance ratio to 0.53 pL/s. This value has not been experimentally derived and represents a rough approximation. Furthermore IP 3 flux is assumed proportional to the chemical and not the electrochemical gradient between two cells (Eq. S1.2). The uncertainty in IP 3 permeability, particularly, can have a significant impact on model predictions and thus a wide range of values was examined.
To better monitor transitions in and out of synchronization, a mean correlation coefficient of Ca 2+ oscillations was calculated from all SMC-SMC combinations at each time step within 300 s time window:
where t -simulation time, w = 100 s -time window, Ca n (t:t+w) -Ca 2+ signal from time t to t+w in n-th SMC, corr -the correlation coefficient. For a single SMC-SMC pair, the correlation coefficient ranges from -1 to 1, where -1, 0, and 1 correspond to complete anti-phase, uncorrelated, and in-phase oscillations, respectively. For a large population, the mean correlation varies from 0 to 1. The cells are considered synchronized when the mean correlation is close to 1 and remains stable over a significant number of oscillation periods. Caution was exercised when observing the effect of a perturbation on the loss of synchronization (i.e., transitions from synchronized to desynchronized oscillations can be slow while the reverse transition is usually fast and can be easier documented).
The system of ordinary differential equations describing the model (11 ODEs per EC and 26 ODEs per SMC) was solved numerically in FORTRAN 90 using the Gear's backward differential formula method for stiff systems with maximum time step of 4 ms. Long simulated times were used (up to 80 min) to eliminate transient and resetting effects (Fig. S1D) , and thus, considerable computation times were required for models with many cells. The computations were significantly slower in the presence of time dependent noise.
II. Supplementary results

Oscillations in SMCs
Fig . S1A shows the oscillatory domain for an isolated SMC (solid line). The model generates self-sustained Ca 2+ oscillations whenever the cytosolic SMC Ca 2+ level is in the range of 160-290 nM. The corresponding norepinephrine (NE) concentrations to achieve such levels depend on the presence and stimulation state of the EC as the endothelium modulates SMC Ca 2+ levels. Thus, a stimulated endothelium yields a significantly larger NE concentration window for oscillations (dotted line). In a multicellular vessel, the synchronization domain will be a subset of the oscillatory domain because unsynchronized oscillations may occur. oscillations accounts for biological variability and was achieved as described in the methods section. The ability of cells to synchronize decreased with increasing dispersion in their natural frequencies. In our simulations, the ratio of minimum to maximum period was maintained bellow 0.9 in all simulations. Frequency differences of this magnitude have been observed experimentally in two oscillatory regions during beating vasomotion (26). When cells are coupled, oscillatory periods are modified (blue line) and under some conditions synchronization may occur and cells assume a common, often reduced, period of Ca 
Role of Cl Ca when ECs are present
In the presence of endothelium and moderate levels of Ach and NE stimulations (i.e., Ach = 1 a.u.; NE = 0.8 µM), clamping Cl Ca channels did not elicit desynchronization (Fig. S2A) . To better compare model predictions with experimental data, we also performed simulations with total block of Cl Ca currents. Under the same stimulatory conditions, total inhibition of Cl Ca channels desynchronized a population of SMCs (Fig. S2B ). The result was not consistent in all of the examined SMC sets with random oscillatory frequencies. 
Simulations with large ensembles
Representative simulations with large number of cells arranged into a cylinder (vessel wall) are shown in Figs. S3 and S4. Each SMC within the cylinder is coupled to its four neighbors through R gj = 87.4 MΩ. In Fig. S3 , SMCs are coupled to ECs arranged perpendicularly to SMCs through the total myoendothelial R gj = 900 MΩ per SMC. 
III. Model Limitations
In this study regular Ca 2+ oscillations are generated by RyRs and slow refilling of SR as in (8) . However, the exact mechanism and even the deterministic nature of the oscillations has not been definitively resolved, and oscillators based on IP 3 Rs have also been used in other models (6) . Some studies suggested that the natural frequencies of SMCs within a vascular segment are very similar and only noise contributes significant variability in the system, whereas others reported that the frequencies of individual SMCs may differ significantly (6) (7) (8) . Furthermore, the period of vasomotion in RMA varies from few seconds (10) (11) (12) to almost half a minute (13) (14) (15) (16) . In this study, oscillatory frequency was predicted based on previously determined kinetic constants and parameter values, and it falls within the range of previously reported values. Significant differences in frequency can potentially affect the synchronization properties of the system, thus, future studies need to examine the effect of oscillation frequency on synchronization.
Our lumped model does not account for heterogeneous intracellular distribution of RyRs and IP 3 Rs and their compartmentalization with membrane channels. All cellular components experience the same cytosolic Ca waves may play a role in initiation and maintenance of vasomotion (17) . A limitation of lumped models is that they do not account for intracellular diffusion of species (Ca 2+ and IP 3 ) and may not accurately reproduce inter-cellular waves (16) . Continuum, spatially-distributed cellular models are needed to capture some of these phenomena.
Mechanical feedback on SM and endothelium may also play a role, but predictions require integration of this model with biomechanical models. NE can initiate vasomotion in both endothelium-denuded and intact RMA. In the model synchronized oscillations in the presence of EC required background Ach stimulation. The prestimulation with Ach compensated for changes in resting V m caused by EC coupling, and may account for background IP 3 levels and resting EC activity under experimental conditions. R gj -gap junction resistance. 2.1.11. Sodium-potassium-chloride cotransport 2.3. α 1 -adrenoceptor activation and IP 3 and DAG formation 
